people and rodents with high-fat diet ingestion for a long term (Wang, Zhang, Hu, & Li, 2018) .
Both BMI and serum leptin levels have a positive correlation with abnormal sperm morphology, and a negative correlation with sperm concentration and motility (Einollahi et al., 2016) . Hence, this shows a link between obesity and male infertility, mediated by serum leptin. Similarly, Hofny et al. proposed that leptin could transmit direct inhibitory signal for testicular steroidogenesis (Hofny et al., 2010) . One of the mechanisms by which leptin affects spermatogenesis is its adverse effect on the transition of the histone to protamine in adult rats during spermatogenesis, which is a reversible process in about 8 weeks (Almabhouh & Singh, 2018; Almabhouh et al., 2015) . Studies have also shown that leptin-induced oxidative stress might be responsible for the decrease in sperm count and abnormal sperm morphology. (Agarwal, Virk, Ong, & du Plessis, 2014; Almabhouh et al., 2017; Wright, Milne, & Leeson, 2014) . A recent study has also demonstrated the association between male infertility and genetic variability in the leptin gene (Hodžić et al., 2017) .
Obesity itself is associated with a reduction in sperm count, sperm motility and abnormal morphology. It has both central and peripheral effects on hypothalamic-pituitary-gonadal axis, resulting in hypogonadotropic hypogonadism. One of the mechanisms of impaired spermatogenesis in obesity is increased testicular temperature due to fat accumulation in the abdominal area, thighs and scrotal area (Kahn & Brannigan, 2017) . In the subjects having a raised BMI, an association was also found with the reduction in testosterone, sperm concentration and oestrogen elevation (Tunc, Bakos, & Tremellen, 2011) . Furthermore, Stewart et al. (2009) reported significant inverse correlations of BMI and obesity with SHBG, inhibin B and testosterone.
A study from Pakistan has reported a significant association between obesity and male infertility (Zahid, Saleem, Azam, & Moatter, 2015) , while another study reported an association between obesity and lower sperm parameters (Hammoud, Gibson, Peterson, Meikle, & Carrell, 2008) . Still, there is a controversy on the effects of BMI on sperm characteristics and male infertility (Leisegang et al., 2014) .
Although the intricate relationship between obesity, leptin and infertility has been investigated a number of times, their causal relationship has not been elucidated. The present study investigated the association between serum leptin and male infertility and further investigated the impact of obesity and reproductive hormones on male fertility.
| MATERIAL AND ME THODS
We conducted a cross-sectional study, and after taking a written informed consent from the study participants, the infertile patients were recruited from infertility clinic in Islamabad while the fertile patients were recruited from general population through individual contacts. The sample size was calculated in Open Epi software version 3 based on the formula: n = (Zα + Zβ) 2 (ơ1 2 + ơ2 2 )/ 2 . We required a minimum sample size of 220 patients in order to achieve 80% power, with an anticipated difference in mean leptin levels among fertile and infertile males of −1.5 (Von Sobbe, Koebnick, Jenne, & Kiesewetter, 2003) and a level of significance of 5%. We were successful in achieving a sample size of 313 patients for analysis.
The fertility status of study participants in our study was based on semen parameters according to (WHO criteria "2010") that is "sperm concentration of >20 million/ml, semen volume of >2 ml, motility of >50%, and morphology of >30% was considered normal" (Menkveld et al., 2001) . Infertile patients were men with impaired semen parameters and fertile were men who did not have impaired semen parameters. The inclusion criteria for both the fertile and infertile were as follows: subjects aged 20-55 years and who gave consent to participate in the study.
The exclusion criteria for both the fertile and infertile males were as follows: subjects with varicocele or hyperlipidemia, who were taking a steroid or had any chronic disease (e.g., liver/renal disease, hypertension, cardiovascular disease, diabetes, and thyroid disorder).
The institutional Ethics Review Committee of Islamabad Clinic
Serving Infertile Couples (256-ICSFC-REC-16) granted the ethical approval for this study. Written consent was taken from all the study participants.
All the data regarding the medical history and physical examination were taken. The height and weight of all the subjects were measured to calculate BMI, and BF% was measured by a bioelectrical impedance analyzer. Bioelectrical impedance analyzer (BIA) was used for measuring the percentage of body fat of the participants.
Bioelectric impedance analyzer is a safe, non-invasive and portable device used for assessing body fat composition from the estimate of entire body water. Foot-to-foot (FF) BIA scales are much more convenient and are recently being used since the subject only needs to stand without shoes on the scale for simultaneous measurements of BW (body weight) and impedance across the lower limbs. Gender, age and height are entered manually into the system by a digital keyboard, and the fat mass (FM) of the subject or percentage fat mass (% FM) is displayed immediately (Lazzer, Boirie, Meyer, & Vermorel, 2003) .
The BMI of the study participants was measured and categorised according to the cut-offs for Asians, the normal weight (18-22.9 kg/ m 2 ), overweight (23-24.9 kg/m 2 ) and obesity (≥25 kg/m 2 ) (WHO, 2004) . The cut-offs used for BF% were normal weight (12%-22%), overweight (22.1%-27%) and obese (>27.1%) (Zahid et al., 2015) .
Blood samples were drawn in sterile syringes by venous puncture, and serum was kept at −80°C for hormonal analysis. The serum levels of testosterone, LH, and FSH were assayed by Enzyme
Immunoassay EIA kits (Amgenix International.Inc, USA). For leptin determination, EIA kit (AssayMax, Germany) was used, and SHBG was measured by the Elecsys® electrochemiluminescence plat- 
| RE SULTS
The baseline characteristics of fertile and infertile males are given in A comparison of the clinical and biochemical data according to BF% of the participants is made in Table 3 . According to BF%, 25 (8%) participants were overweight (BF = 22.1%-27%) and 288 (92%)
were obese (BF ≥ 27.1%).
A significant positive correlation of serum leptin was found with BMI (p < 0.001), body fat percentage (p < 0.001) and a negative correlation with FSH (p = 0.002). However, the non-significant negative correlation was found between leptin and testosterone (p = 0.096). A strong positive link of serum testosterone was found with age, FSH, and LH (p < 0.001) and negative with BMI and BF% (p < 0.001; Table 4 ).
Our results showed no significant association between leptin and infertility on univariate and multivariate analysis. Moreover, with every one-unit increase in age, FSH, LH, testosterone and SHBG, the chances of being infertile decreased significantly by 4.7%, 20%, 15.7%, 22.4% and 6.9%, respectively. It was also observed that with one-unit rise in BMI the chances of being infertile increased by 6.9%, and with every unit increase in BF%, the chances of being infertile increased by 3.1%. The obese males were 1.604 times more likely to be infertile as compared to normal weight (Table 5) .
In multivariate analysis, there was a significant relationship be- 
TA B L E 4 Correlation of serum leptin and testosterone with other variables
one-unit increase in testosterone, the FSH led to a 5.2% decrease in infertility. Therefore, testosterone interacted with FSH in its effect on infertility (Table 6 ).
| D ISCUSS I ON
Male fertility has been linked to leptin by a number of studies but the exact causal relationship has not been established. Risk factors like obesity are a rising epidemic in men of reproductive age and are not only causing but also aggravating infertility.
Our results showed no significant difference in serum leptin level in the fertile and infertile groups. In contrast to our results, few studies have reported higher leptin levels in infertile male patients (Farooq, Lutfullah, & Ahmed, 2014; Jahan, Bibi, Ahmed, & Kafeel, 2011) while few other studies demonstrated results similar to our study (Dayer, Nikbakht, & Elyaderani, 2013; Tafvizi & Masomi, 2016) . The inconsistency of results could be due to the difference in sample size, the use of different kits and variation in the dietary customs and lifestyles of different nations (Tafvizi & Masomi, 2016) .
The absence of significant difference in serum leptin levels in both groups shows that serum leptin is not involved in the process of fertility among male subjects. However, it is possible that by some indirect mechanism it may influence the process of fertility.
In this study, both BMI and BF% are observed to be significantly higher in infertile males as compared to fertile males. Obesity influences male fertility through various mechanisms, which include obesity-related hypogonadism, reduced spermatogenesis and erectile dysfunction (Chambers & Richard, 2015) . In our study, obese individuals exhibited a decrease in testosterone levels. This finding can be explained based on the fact that in obese subjects there is more aromatase activity that converts testosterone to estradiol, thus causing hypoandrogenemia and increased oestrogen levels that change the negative feedback system in hypothalamic and pituitary area (Akinloye & Truter, 2011; Chambers & Richard, 2015) .
Our results showed that serum leptin concentrations were significantly higher and the values of FSH, LH, testosterone and SHBG were significantly lower in obese men as compared to normal-weight and overweight men. These results are consistent with another study, which connect the leptin and sex hormones in obese infertile males (Farooq, Ullah, & Ishaq, 2013) . It is possible that leptin inhibits steroid production in testicles that elucidate the link between hyperleptinemia, decreased gonadotrophins and testosterone production in obese males, as has been documented (Hausman, Barb, & Lents, 2012; Hofny et al., 2010) .
The current study has shown a significant positive relationship of leptin with BMI and BF%. Other studies have also reported a positive correlation of BMI with leptin levels (Farooq et al., 2014) .
Also, we found that BMI and serum testosterone were negatively TA B L E 6 Multivariable analysis biochemical factors associated with male infertility correlated and a similar correlation has also been reported by other studies (Farooq et al., 2013; Zohdy, Kamal, & Ibrahim, 2007) .
Our study has shown a significant decrease in FSH, LH testosterone and SHBG levels among infertile males as compared to fertile males; results are similar to another study (Farooq et al., 2013 ). This may be because both physical and nutritional support to the developing germ cells is provided by sertoli cells through direct contact, as a developing germ cell adheres to sertoli cells . Sertoli cell function is mainly regulated by testosterone; thus, decreased testosterone affects spermatids and decreases sperm counts (Palmer, Bakos, Fullston, & Lane, 2012) .
However, Inhibin B, FSH/LH ratios and SHBG levels are also involved in the regulation of sertoli cell function (Teerds, De Rooij, & Keijer, 2011) . Hence, a decrease in FSH, LH testosterone and SHBG levels among infertile males can be explained by the role of hormones in spermatogenesis.
Our results showed that serum leptin level is not directly related to infertility. However, serum FSH, LH, testosterone and SHBG were significantly lower in infertile subjects. Additionally, the majority of the infertile subjects were obese and had increased BF%.
However, the exact underlying mechanism is still uncovered. It has been suggested in the literature that leptin and its receptors can directly regulate the metabolic condition of sertoli cells, thus influencing spermatogenesis , and this could be one of the possible links between male infertility and obesity. The oxidative stress, as well as hormonal and metabolic changes, increases with adiposity in infertile men; however, infertility could recover if adiposity is treated adequately in infertile men (Lozano-Hernández, Gualdrón, Camejo, Velasco, & Villavicencio, 2017).
There are a few limitations to our study. It is a single-centred study. But since it has a huge load of infertile couples seeking infertility treatment as compared to the other infertility centres, we can generalise our results to patients presenting at other centres in Pakistan. Moreover, it was a cross-sectional study and patients' samples were collected only once. Furthermore, it is also possible that the vast age range could have compromised some of the reproductive indices. However, follow-up studies should be done in the future to establish temporality.
| CON CLUS IONS
Serum leptin levels did not differ significantly in the fertile and infertile groups, and no association was found with infertility.
Furthermore, male obesity was found to be associated with infertility with the decrease in levels of sex hormones.
It is thus recommended to disseminate awareness about lifestyle modifications to counteract obesity/infertility as a serious public health problem in developing and developed countries. This would help in the improvement of obesity parameters, which would decrease the chances of male infertility and improve the health of the offspring.
However, there is need for further exploration of the causes of infertility in obese infertile males.
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